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FCREtfCRD 

This  report  represents  a  preliminary,  limited  survey  of  efforts 
under  way  or  recently  ccmpleted  for  computer  programming  or 
techniques  that  are  adaptable  to  computer  operations  in  the 
areas  of  system  analysis  for  reliability,  maintainability, 
availability,  system  effectiveness,  cost-effectiveness,  system 
simulation,  circuit  analysis,  and  failure  mode  and  effects 
analysis. 

The  rapid  change  in  technology  auw  .  'ick  obsolesance  of  the 
material  in  this  survey  has  lead  to  the  printing  of  the  report 
despite  the  survey  limitations.  T  't  infoimation  is  being 
provided  for  possible  use  by  the  Dexense  Department  and 
Industry  project  managers,  designers,  and  any  other  persomel 
such  as  support  specialists  in  reliability,  maintainability, 
systems  analysis,  systems  effectiveness,  computer  programming, 
etc.  The  data  referred  to  in  the  survey  briefs  are  Intended  to 
reflect  available  data,  techniques,  and  studies  reflecting 
current  technology.  The  industry  contributors  take  no  respon¬ 
sibility  in  the  use  of  such  data,  programs  and  techniques; 
similarly,  these  data  have  no  ccntractual  status  on  the  part 
of  the  Department  of  Defense. 

Recipients  are  solicited  to  offer  information  similar  to  that 
contained  in  the  svirvey  briefs  for  similar  studies,  efforts 
and  available  computer  programs.  Based  on  the  nimiber  of  new 
project  briefs  submitted,  conslderatloa  will  be  given  to  the 
Issuance  of  an  expanded  version  of  this  report.  Please  send 
your  project  briefs  to  the  Office  of  the  Director  of  Defense 
Research  and  Engineering,  Office  of  Assistant  Director  (Engineer¬ 
ing  Management) ,  Pent'.gon,  Washington,  D.  C.  (20301 ) . 

It  is  preferred  that  the  project  briefs  be  limited  to  one 
page  and  be  prepared  in  the  same  format  as  those  contained 
herein.  In  forwarding  your  data,  please  include  your  cosipany 
or  agency  apvmval  for  release  to  print  by  the  Government  with 
the  purpose  of  making  the  data  available  to  both  industry  and 
government  personnel. 


James  W*  Roach 
Assistant  Director 
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SURVEY  CF  STUDIES  AND  CCMPOTER 
PROGRAMMIHG  EFFORTS  FOR  RELIABILITY, 
MAimiMABIUTY  AND  SYSTJ«  EFFECTIVENESS 


Survey  of  efforts  under  way  or  recently  completed  for 
cc^puter  programming  or  techniques  that  are  adaptable 
to  computer  operations  in  the  areas  of  .system  analysis 
for  reliability,  maintainability,  availability,  system 
effectiveness,  cost-effectiveness,  system  simulation, 
circuit  analysis,  and  failure  mode  and  effects  analysis. 


The  main  sources  of  information  for  this  survey 
were  Navy  Applied  Science  Laboratory,  Bureau  of  Ships, 
Air  Force  Rome  Air  Developoent  Center,  ARINC  Research 
Corporation,  Autonetlcs  Division  of  North  American 
Aviation.  Other  activities  queried  were  Office  of 
Naval  Research,  krmy  Research  Office,  and  National 
Bureau  of  Stan^rds. 


1.  Siarvey  of  Mathematical  and  Simulation  Models  as 
Applied  to  Weapon  Syat«&s  Evaluation 


1 .  System  Reliability  Prediction  by  Function 
1A,  System  Ileld^,tility  Prediction  by  Function 

2.  Reliability  Prediction  -  Mechanical  Stress/Strength 
Prediction 

3.  Reliability  Prediction  (Mechanical  Systems) 

4.  Opting  of  MIL-HDBK-21 7A  "Reliability  Stress  and 
Failure  Rate  Data  for  Electronic  Equipment" 

5*  CRAM  (Computerized  Reliability  Assessment  Method) 

6.  Beam  Pattern  Degradation  (SCXUR  Arrays) 

7.  Reliability  Simulation  Model  (AFPCLLO  Mission) 

8.  SCULR>II 

9.  Mechanized  Aircraft  Reliability  Analysis 

10.  Prediction  of  Circuit  Drift  Malfunctions  of  Satellite 
Systems 

11.  Mathematical  Simulation  for  Reliability  Prediction 


1 .  ti  Prediction  by  Function 

2.  CPTIC 

3.  Criteria  for  Discard'^ t-Failure  Maintenance 

4.  Validati(»  of  Criteria  for  Disoard-at-Failure 
Maintenance 


Ikble  of  Ccmtents  (Continued) 


III.  MulntAir^hillty  Prediction  (Continued) 

5»  Refinement  of  M  PredictlcMi  Technique 

6.  Maintainability  Prediction  Program 

7.  H  Techniques  Stxidj 

17.  ftrateas  Bff eetireneaa 

1.  Availability  Evaluition  Program  (HARSE-I) 

2.  Systems  Effectiveness  and  Design  idequa^ 

3*  Systems  Effectiveness  Evaluation 

4*  SEA  (Qystems  Effectiveness  Analyser) 

5.  (SEE/AN)  Eyetems  Effectiveness  Evaluaticvi  Analyser 

6.  SEE(SIM)  Systems  Effectiveness  Simulaticn 

7.  ASH  Misslcvi  Effectiveness 

8.  Evaluation  of  the  System  Effectiveness  of  the 
E2A/ATDS 

9.  Techniques  for  Prediction  of  System  Effectiveness 
9A.  Techniques  for  Prediction  of  System  Effectiveness 

10.  Effectiveness  Simulation 

V.  gaat  £ff9CtlYgM8D 

1.  Cost  Effectiveness  Studies 

2.  Evaluation  Criteria  for  Associative  Mmsories 
3*  Criteria  for  Systems  Trade-Offs 

4*  Eccviomics  of  Ownership 
.  Cost  and  Availability  Program 
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VI.  Syatena  Evaluation 

1.  G.P.S.S.  (General  Purpose  Systems  Simulator) 

2.  GOSSIP  (General  Operating  Systems  Slmulstiwzi  Program) 
3«  Weapons  Simulation 

4*  SCKIAR  Simulation 

5«  Simple  Digital  Device  Simulator 

VII.  CirgftLt  AnaJLyatg 

1.  E.C.A.P.  (Electronic  ClrcitLt  Analysis  Program) 

2.  NET-1 

3*  Statistical  Circuit  Analysis 
4<  Parameter  Variation  Circuit  Analysis 

5.  Transient  Analysis 

6.  Radiatic»  Analysis 

?•  Failure  Mode  Analysis 
8.  Logic  Circuit  Evaluation 
9*  Statistical  Data  Analysis 

10.  A.C.  and  D.C.  Circuit  Analysis  Program 

11.  Ifeister  Parameter  Variation  Program 

12. **  Applioatlon  of  Von  Neumann  Redundancy  Teohniques  to 

the  Reliable  Design  of  Digital  Ccaputera 

VIII.  Failure  Mode  and  Effects  Analysis 

1 .  Mhthematioal  Automated  Reliability  and  Safety 

2.  Thermal  Analysis 

3.  Study  of  Failure  Theory  (Metal  Film  Resistors) 


Title:  Siurvey  of  Mathematical  and  Simulation  Models 
as  Applied  to  Weapon  System  Evaluation 


Abstract:  A  survey  of  32  organizations  (DoD  Contractors) 
resulting  In  56  abstracts  of  models  identifying 
name  of  agency  having  done  study,  name  of 
sponsoring  agency,  description  of  model  and 
references  to  documentation* 

Spcnsor:  Air  Force  Aeronautical  Systems  Division 

Contract:  AP  33(616) -7317 

Contractor:  University  of  Michigan 

Status:  Ccmpleted 

Keports:  ASD  Technical  Report  61-276  dated  October  1961 

(Defense  Documentation  Center  No.  269-235) 
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SECTION  II  -  RELIABILITI  PREDICTIOW 


Title:  System  Reliability  Prediction  by  Function 


Abstract:  Phase  I.  A  technique  was  developed  for  predicting  the 
reliability  of  ground  electrcailc  systema  prior  to  the 
actml  design  of  the  systems.  Reliability  data  from 
51  systems  representing  over  two  million  system  operating 
hours  were  analyzed  to  develop  prediction  equations  based 
on  generalized  system  parameters  such  as  ccmplexity,  power 
consumption,  and  frequency.  The  prediction  eqmtions  are 
of  the  form  Ln  ^  bop.lus  b-jXiplus  b^X-Z***  ^Xn»  'diere 

is  the  predicted  system  mean  life  and  the  Xi  are  measures 
of  equlpattent  characteristics.  The  coefficients  bi  were 
determined  by  multiple  regression  analysis.  Approximately 
40  possible  characteristics  were  Investigated,  The  technique 
also  allows  the  estimation  of  confidence  intervals  for 
Ln^  With  the  use  of  new  data,  the  prediction  technique 
can  be  u^xlated  at  any  time  by  the  computation  of  new 
regression  equations. 

Phase  II.  As  a  follow-on  effort  the  techniques  developed 
for  Phase  I  (ground  electronic)  will  be  expanded  for  i;:se 
relative  to  Airborne  SHectronics  and  to  predict  both 
Reliability  and  Maintainability  in  the  planning  and  initial 
design  phases*  The  techniques  will  be  based  on  correlations 
of  HTBF  and  MTTR  with  the  airborne  functions  of  line 
replaceable  units  of  the  B-58  aircraft  for  which  ARINC 
is  presently  collecting  data.  This  data  will  be  supplemented 
by  IRINC’s  library  on  electronic  functions  of  other  aircraft, 
e.g.,  B-47,  B-52,  F-100,  F-105  and  sane  liavy  aircraft. 

Phase  II  started  1  April  19^4,  and  will  be  completed 
4  September  1965. 

Note.  The  importance  and  greatest  value  of  this  "function" 
prediction  technique  is  in  the  early  feasibility  study 
and  design  stages. 

Sponsor:  Air  Force,  RADC 

Contract:  Phase  I  -  AF  30(602) —  2838 
Phase  II-  AF  30(602)—  3387 

Contractor:  ARINC  Research  Corporation 

Status:  nmae  II  active 

Reports:  Computer  Program  for  Phase  I  predictiois  included  in 

appendix  of  report 

Conputer;  IBM-1 4OI /Fortran  II 


II  -  1 


Title:  ^stem  Reliability  Predict! oi  by  Function 


Abstract:  This  study  consisted  of  an  effort  to  develop  techniques 

for  predicting  the  reliability  of  electronic  equipments  and 
systems  during  the  early  system  planning  stages.  The 
techniques  were  to  be  based  on  correlation  factors  which 
would  relate  system,  equipment  or  subequipment  functions 
by  specific  dmiracteristics  such  as  peak  power  to  re¬ 
liability  levels  achievable  within  the  existing  state  of 
the  art. 

The  correlation  studies  performed  were  categorised  into 
three  areas:  radar,  ground  ccxmunlcation  and  data  proc¬ 
essing.  A  number  of  applicable  radar  and  ground  com¬ 
munication  systems  wei-e  studied,  and  definite  correlation 
was  found  between  functional  characteristics  and  actual  field 
MTBF.  The  results  of  these  correlation  studies  led  to 
the  development  of^  prediction  techniqvies  for  both  the 
radar  and  ground  communication  categories. 

Verification  of  these  techniques  was  acccmiplished  through 
their  application  to  other  systems  within  the  appropriate 
category  and  comparison  of  the  resultant  predictions  with 
those  calculated  from  actual  field  data.  The  satisfactory 
results  obtained  led  to  the  conclusion  that  the  prediction 
techniques  were  sound. 

Sponsor:  Air  Force,  RADC 

Contracts:  AF30( 602) -2687 
AF30( 602) -3288 

Contractor:  Federal  Electric  Corp. 

Status:  Report  2687  conqjleted  Fy63 

Report  3288  cranpleted  FY65 

Reports:  RADC  TDR  63-146 

RADC  TDR  65-27 

Computer:  Can  be  programmed  fox  any  general  puz7>ose  computer 


II  -  1A 


Title:  Heliability  Prediction  »  Meohanioal  Stress/Strength 
Prediction 


Abstract:  This  effort  involves  the  study  and  investigation 
required  to  refine  and  reduce  to  practice  the 
strength/stress  interference  theory  technique  for 
designing  to  and  predicting  the  quantitative 
reliability  of  mechanical  parts  under  fatigue 
or  constant  loading.  The  statistical  nature  of 
both  the  strength  and  stress  indicate  that  the 
results  of  this  study  will  be  amenable  to  computer 
manipulation* 


Sponsor:  Air  Force  (RADC) 


Contract:  Awarded  Hirch  1965 


Contractor:  Ihiversity  of  Michigan 

Status:  Uhder  way 

Report: 

Computer: 


II 


Title:  fiellabllity  Predictlcm  (Mechanical  SIjrsteine} 

Abatract:  Evaluation  of  alternate  dealgns  and  prediction 
of  inherent  reliability  utilising  basic  failure 
aacheniaae,  of  parts  and  materials,  related  to 
Service  application  environments. 

I^KKSor:  Navy  BuShlps 

Contraot:  M0bs-SS6i28 

Contractor:  American  Power  Jet  Ccanpany 

Status:  Qhder  uay 

Reports: 
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Title:  U^tlng  of  MIL-KDBK-21 7A  "Reliability  Streae 
and  Failure  Bate  Data  for  Electrmlc  Squipment" 


Abstract:  An  effort  to  update  part  failure-rate  data  and 

application  data  used  in  prediction  of  Reliability 
using  a  part  failure  rate  cQ!q>utatiQn.  This  does 
not  include  parameter  drift  ccHisiderations;  it  is 
limited  to  basic  catastrophic  failure  modes  and 
mechanisms*  The  prediction  oosqjutatlon  is  not 
necessarily  done  by  coBqjuter  but  can  be  for  ccsnplex 
systems  or  circuit  configuiatlans* 

Sponsor:  Navy,  BuWeapons  (NAD  Crane) 

Contract:  NAD  Crane  Contract 

Contractor:  Radio  Corporation  of  America 

Status:  Completed  -  May  1965 

Reports:  Final  Product  is  in  process  of  tri -Service  co¬ 

ordination 

Conqputer:  Not  applicable.  Data  may  be  put  into  any  general 
purpose  cmiputer. 


Title:  OUM  (Conputerlzed  Reliability  laaeasBent  Metliod) 


Abstract: 


Sponsor: 
Contract: 
Contract or 
Status: 
Reports: 

Conputer: 


CRAM  is  a  conputer  nethod  vhich  is  used  to  predict 
system  reliability*  It  pemits  the  user  to  |sroceed 
in  an  orderly  manner  fron  a  ccaplex  block  diagram  of  a 
system  idiose  cacpcnents  my  fall  in  mny  TOdas  to  a 
final  reliability  in^dlction  for  the  system* 

Conputations  which  can  be  almost  impossible  to  carry 
out  mnually,  become  strictly  a  routine  procedure  of 
entering  the  proper  data  as  program  inputs* 

To  use  CRAM>the  engineer,  having  defined  the  level  of 
detail  of  tto  analysis,  draws  a  reliability  diagram  in 
an  appropriate  manner*  The  diagram  is  routinely  con¬ 
verted  into  a  computer  program  input*  Cosq^onoat 
failure  rates  and  any  modifying  factors  are  also 
used  as  Inputs  to  arrive  at  the  desired  results* 

Mote:  Principal  areas  of  improvement  in  the  existing 
program  lie  in  Increasing  the  size  and  co^iLexity  of 
the  systems  which  can  be  evaluated,  and  lJ^proving  the 
efficiency  of  certain  sub-routines  to  reduce  ccsqiuter 
running  time* 

NASA,  Nfirsfaall  Space  Fli^dit  Center 
NAS-8-1 1067 

ARINC  Research  Corporation 
Uider  way 

ARINC  Nonogra^  No.  11  by  D.  £.  van  Tijn  and 
ARINC  Report  294-02-14-414 

IRM  1401,  16k  Nefflory/AUrXCDER 


Title:  Beam  Pattern  Degradation  (Scoar  Arrays) 


Abstract; 


Sponsor: 

Coitract: 

Contractor 

States: 

Reports: 

Computer: 


Simulation  program  for  the  analysis  of  sonar 
transducer  arrays  to  detensine  performance 
degradation  as  a  function  of  inoperative 
transducer  elements.  The  program  defines  system 
mode  failures  within  the  framework  of  the 
allowable  system  performance  degradation  for 
the  applicable  mode.  A  program  has  been 
developed  for  cylindrloal  arrays  and  a  new 
contract  effort  is  planned  to  develqp  a  ooB^>uter 
program  for  application  to  confarmal  and  pluiar 
arrays  (extension  of  AN/S(^-26  model). 

Nhvy,  BuSiipa 

Nobsr-91039 

Tracer  Inc. 

The  program  has  been  coBQ>leted  for  the  Al^SQS-23  and 
AN/S^-26  Sonars  and  will  be  used  in  the  reliability 
prediction  techniques  applied  to  AN/SQS-26  production 
contracte.  Efforts  are  under  way  to  initiate  similar 
studies  in  connection  with  Confomal/Plaimr  Arrays 
Development  Programs. 

Series  of  Tech.  Reports  jnrepared  by  Tracor  Inc. 
relative  to  AN/SQS-26 

CDC  3200/CDC-l60A(Fortran) 
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Titls:  Rtliabllity  SlJBulatlcai  Model  (iiPQLLO  Mlealon) 


Abatmot:  A  BeliebiUtjr  Sinulaticm  Model  that  siaulatee  the  opera ti<ai 
of  a  vehicle  for  a  large  ntimber  of  miasicusy  and  deteminea 
the  auBber  of  mlsaloa  aueceaaes  and  adLaaloQ  failures  bv  the 
applicatioQ  of  a  H<Hite  Carlo  technique. 

In  applying  the  aintulatlon  aodel,  lo^o  dlagnuHi  are  ccai- 
structed  to  define  the  coobinatlon  of  oaoponenta  required 
.te-«aq)lete  each  funoticHi  of  each  {Aaiae  of  a  misaicm.  The 
failure  density  dlstributicai  fcr  each  of  these  campaaentB 
is  obtained  from  test  data  or  estlnated  failure  rates,  and 
the  cceqxBient  time  of  failure  is  determined  by  the  appU  cation 
of  the  Monte  Carlo  technique. 

When  miselcai  failures  occur,  the  model  becomes  a  decialcn- 
oaking  device,  as  it  determines  what  form  of  an  alternate 
Bi88i(»i  is  to  be  initiated.  The  form  of  alternate  bIssIcuil 
ia  a  function  of  the  combination  of  ccmq>(»ient  failures  at  the 
time  of  ffli8si(wi  failure.  The  alternate  miseion  msy  be  a 
contlnuaticsi  of  the  mission  with  lesser  mlsslcai  objectives 
ox-  a  return  mission  to  enhance  the  safety  of  the  crew.  Thus, 
the  model  provides  the  probability  of  both  mission  ooccess 
and  crew  safety* 

Ihe  Reliability  Simulation  Model,  while  applicable  to  any 
form  of  equipment  and/or  missiem  conflguraticm,  was  designed 
primarily  for  the  reliability  analysis  of  the  AFGLLO  Lunar 
Landing  Mission. 

Spoasor:  NASA 

Contract:  APOLLO  Project 

Contractor:  North  American  Aviation  (Space  and  Information  ^stem  Div.) 

Status:  Active 

Reports:  Proceedings  10th  National  Symposium  Reliability  and 
Quality  Control 

Couqjuter:  1EM»7094 
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nu«:  SQIR-Il 


ibstraot:  ^dal  piarpoae  prognuB  tftllar«di  to  th* 
APC&XO  Bioeldn  eiBulatw  failures  using 
Maate  Carlo  teofanique  to  efvaluate  and 
predict  probability  of  "IfissiaQ  Success" 
and  "Ab<^  Success*"  Inputs  are  both 
randon  and  fixed  and  outputs  are  averages 
of  success  probabilities  for  every  500 
trials* 


SpcQSOT: 

NASA*  OTfioe  Manned  Space  Fli^^t 

Contract: 

APOLLO  Project 

Centra  ctoT! 

General  Slectric  -  Teapo 

Status: 

Active 

Reports: 

NASA*  ONS?  Tech  Mbbo 
M-TJ-6300*001  (HA-10) 

Coagmter: 

Not  knoun 

li»4^nis«d  Aircraft  Reliability  Analyaia 
Model 


Abatraot:  Method  for  reliability  evaluation  of  alternate 
qratea  configuratiooa  for  selection  of  an 
optianai  systen  design  and  neasuroownt  of 
reliability  growth.  Cooqputer  progxaa  for 
rapid  oaleulaticn  enabling  tiaely  decisions 
and  configuration  c<xitrcl^ 

Ihe  Mqdiasis  is  toward  a  consistent  and 
resLlistlo  reliability  evaluatioi  that  seasures 
the  achieved  reliability  and  mcmitors  the 
reliability  growth  ilu*oughout  the  develc^ment 
and  opera tl<»al  life  of  airborne  systoas. 

Spansor;  Lockheed  -  Georgia 

Contract: 

C(si  tractor: 

Status: 

Reports:  Proceedings  10th  Haticxial  STnposiien  on 

Reliability  and  Quality  Coitrol  (Page  560) 

Cceputer: 


n 


Title:  Prediction  of  Circuit  Drift  Malfuncticau  of  Satellite  ^tnua 


Abstract:  The  purpose  of  this  study  v&s  to  e-valuate  existing  statistical 
analysis  nethode  for  deteradning  the  probability  Balfmction 
of  transistor  circuits  due  to  degradation  of  cosqxxiffiit  part 
paraioetars  during  operating  life.  Circuit  output  pairaaeters 
are  e:;q;a:essed  as  functions  of  several  part  parameters  charac¬ 
terized  hy  probability  density  functions,  \4iicsh  may  be  determined 
from  test  operation  of  part  sasiples  for  the  reciuired  t.ime. 

Analytical  results  are  evaluated  by  oomparlson  with  results 
obtained  from  test  operatlcn  of  circuit  saiqxles  for  the 
required  time.  CosqairisoQ  of  both  the  number  of  drift  oal- 
f unctions  and  the  distribution  of  circuit  parameters  are  made. 

Test  sanqpling  error  and  measiurement  errors  are  considered*  'Rie 
results  lead  to  the  foil owing  conclusions: 

.  Accurate  estimates  of  the  distribution  of  oircuLt 
output  parameters  -  voltage  levels  and  transient 
response  times  can  be  obtained  during  test  operating 
life. 

•  The  probability  of  drift  nalfimction  of  circuit  out¬ 
put  parameters  during  test  operating  life  can  be 
estimated  accurately. 

.  Experience  with  the  reduction  of  coB^>oaent  part  test 
data  to  derive  probability  density  functions  for  part 
parameters  suggests  that  further  ii^)rov«nent  in 
accuracy  and  refinement  of  analytical  methods  can  be  achieved 
through  part  tests  Miieh  are  designed  speelfioally  to 
yield  statistical  anetlysis  data. 

*  £hch  of  the  three  analysis  methods  Investigated  - 
combination  of  distributions,  regression,  and  Monte 
Carlo  -  has  advantages  which  merit  consideration  in 
any  particular  application;  however,  for  general  use, 
the  Monte  Carlo  has  fewer  limitations. 

Sponsor:  Air  Force,  RADC 

Contract:  AF  J0(602)-2418, 

Contractor:  IBM,  Owego,  New  York 

Status:  Ccaqpleted  1963 

Beports:  BADC  TDR62-227 

Cooqputsr: 


Title:  Mathonatical  Simulation  for  Reliability  Prediction 


Abstract:  Pfaeae  I.  A  study  program  for  the  development  of 

techniques  for  predU.cting  the  reliability  of  electronic 
systems  from  atatistical  information  about  the  per¬ 
formance  of  ayst^  components.  The  problan  of 
determining  initial  system  performance  and  system 
performance  over  a  time  period,  given  changes  in 
component  characteristics  in  time,  is  analysed. 

The  predlcticui  of  the  reliability  of  systems  whose 
performance  is  measured  m  a  ccxrtinuoiu  scale  and 
vhich  are  subjected  to  degradation  type  failures 
is  msphaaised.  Catastrophic  failure  models  Including 
repair  and  z^undant  elaaents  are  also  discussed. 

Phase  II.  The  secc»d  phase  of  the  study  relates 
to  the  transfer  functions  tdiich  have  been  developed 
in  this  phase  which  are  mathematical  models  of  the 
actual  systems  to  be  evaluated.  They  are  used  to 
determine  system  performance  idien  component  charac¬ 
teristics  vary  from  nominal  values  as  a  result  of 
(1)  na^iufacturlng  and  handling,  (2)  degradation  due 
to  age,  (3)  internal  and  external  random  stresses. 

Form  of  output  is  magnetic  tape  and  plot. 

The  circuits  analyzed  in  this  report  will  not  oily 
serve  as  vehicles  to  substantiate  the  findings  of 
the  Phase  I,  but  will  In  addition  serve  as  a  nucleus 
for  a  library  of  preferred  designs  with  defined  life¬ 
time  characteristics. 

Sponsor;  Air  Force,  RADC 

Contract:  AF  30(602)-2376, 

Contractor;  Sylveinla  Electronic  Systems  Division 

Status:  1960-63  effort,  completed 

Reports:  Phase  I,  RADC-TR-61-299  "Math  Slmulatiai  for  Reliability 

Prediction" . 

Phase  II,  RADC-TR-63-87  "Transfer  Functions  in  Math 
Simulation  for  Reliability  Prediction" 

Ccmputer:  Sylvania  Model  9400 


II 


SECTION  III 


-  MAUfTAlIttBIUTI  PREDICnOI 


Title: 


M  Prediction  by  Function 


Abstract:  This  is  a  current  effort  scheduled  for  ccmpletlon 

in  September  1965 i  and  being  conducted  in  conjunction 
with  a  "System  Reliability  Prediction  by  Function" 
study.  It  will  provide  a  technique  for  establishing 
a  quantitative  relationship  between  equipment  (LRU) 
Line  Replaceable  Ihit  function,  i.e.,  transmitter, 
receiver,  scope,  recorder,  data  processor,  display, 
etc.,  in  terms  of  M  design  characteristics  expressed 
as  an  influence  on  MTTR,  Such  JJ  features  as  skill 
level,  packaging,  accessibility,  adjustments,  depth 
of -penetration,  etc.,  will  be  included.  The  findings 
will  be  organized  in  a  manner  convenient  for  use 
(nath  model/equation_  in  predicting  equipment  (LRU) 

M  during  planning  stages  when  required  function  and 
some  performance  parameters  (weight,  volume)  only 
are  known  and  during  'early  design  before  circuit 
detail  has  been  decided. 


Sponsor:  Air  Force,  RADC 

Contract:  AF  30(602) -3387 
Contractor:  ARINC  Research  Corporation 


Status :  Under  way 

Reports : 

Computer:  IBM  1 401 /Fortran 


III 


Abstract:  A  mecbaniaation  of  eleasutal  aalntaiiiabllity 
design  inf armtlon  to  translate  mlntenance 
source  data  into  naintenance  procedural 
instructlcms.  Iterative  process  of  amljraing 
naintainability  design  and  the  output  is  a 
set  of  procedural  oetintenance  instructions 
c^timized  from  a  time  and  cost  standpoint. 

Spcosor:  Republic  Aviation  Corporation 

Contract: 

Contractor: 

Status:  Active 

Reports: 

Computer:  General  Purpose  Digital  Coa^uter 


Title:  Criteria  for  Diaoard-at-Failtjre  fblntenance 


Abstract: 


Sponsor: 
Contract: 
Contractor 
Statxu: 
Reports : 


A  nathematloal  model  was  developed  serving  as  a 
design  deolalcn  tool  describing  the  relatlcmships 
between  module  slee,  maintainability,  and  total 
resource  oosti  The  model  is  adaptable  for  use 
during  early  design  phases  of  a  devel<^»ent  program 
by  minimizing  the  niaiber  variables  and  maximising 
use  of  cost  factors  vdiich  are  constant*  It  is 
flexible  to  allcw  for  varlatittus  in  maintenance 
pi  aiming  and  up-dating  of  values  furnished  for  the 
factor  consteuits.  The  model  is  capable  of  defining 
which  of  the  two  alternates,  repai]>at-failure 
maintenance  or  dl8card*«t-fallureH0BSlntenance  is 
most  ecanoBilaal,  and  capable  of  determining  the 
optimum  dlsoard-at-fallure  module  part  density. 

Resource  costs  consldsred  included  fflai^>Qitfer,  materials, 
facilities,  test  equipment  eiqienditures  at  the 
various  maintenance  echelons.  Ilhe  model  la  a 
difference  equation  which  can  be  manually  applied. 

Air  FOTce,  RADC 

AF  30(602)-56d1, 

IB(,  CXfego,  New  York 

1962-63  effort  ccmpleted 

AD-405779  (RALC  TDR-63-I4O) 


MOTE: 


See  current  Validation  Effort  AF  Contract  AF30( 602) -3336  (P.  111-4} 


Validatian  of  Criteria  for  Diacard-at-^ailure 
MUnteoftace 

Abetraet:  Tbs  aathezBatical  model  developed  under  previous 
contract  AF-30^( 602) 2681  (see  Page  was 

revised  to  more  ezbaustively  reflect  all  pertinent 
coat  and  design  factors.  The  finalised  mathe- 
■atloal  model  was  validated  eB^irioallj  hj 
cosparing  actual  resource  costs  for  an  eodLsting 
operati(»al  equlpB»nt  design  in  repairable  RAIM 
(Repair  at  Failure  Maintenance)  form  with  projected 
resource  costs  for  an  identical  equlpmnt  rwlesign 
oa  paper  in  accordance  with  DAFM  (Discard  at  Failure 
tklntenance)  criteria.  The  results  of  this  work 
provide  definite  criteria  far  Judging  the  relative 
cost  merit  of  RAFM  vs  DAFM  in  a  given  equipment  or 
•Tstem  situation. 

Sponsor:  Air  Force,  RADC 

Contract;  AF(30) (602)-336 

Cv'«i tractor:  Radio  Corporation  of  America,  Camden,  New  Jemy 

Status:  Cos^leted  July  1965 

Reports;  RADC-TR-65-214 

Coaqputer:  In  a  form  to  be  programmed  for  any  general  purpose 
computer . 


Title:  Refinement  of  {1  Prediction  Technique 


Abstract:  The  study  has  provided  a  tecbni  que  fxxc  quaatifj^g 
the  relationship  between  circuit  design  features 
and  ii*  Use  of  empirically  derived  repair  times  in 
conjunction  with  a  circuit  design  feature  diagram 
provides  guidance  early  in  equipment  design  for 
selection  of  circuit  configurations  idiich  could 
satisfy  a  repalrabllity  requirement.  The  tech¬ 
nique  will  also  facilitate  the  evaluation  of 
existing  off-the-shelf  circuitry  to  predict  the 
associated  repair  time  and  determine  the  extent 
of  redesign  necessary  to  provide  the  greatest 
improvement.  The  design  criteria  is  applicable 
to  all  repairable  conventional  and  semi-canductor 
circuitry  found  in  aerospace  and  ground  sleetronics. 
The  criteria  are  graphically  presented  for  ease  of 
application  and  expressed  quantitatively^  relating 
circuit  design  to  malfunction  diagnosis,  repair, 
and  checkout.  It  is  signifloant  to  note  that  al¬ 
though  only  16  basic  circuit  types  were  studied,  the 
technique  permits  the  evaluation  of  MTTR  for  any 
circuit  employing  any  combination  of  the  nine 
basic  design  features. 

Sponsor:  Air  Force,  RADC 

Contract:  AF  30(602) -3033 

Contractor:  Vitro  Labe,  Silver  Spring,  Maryland 
Status:  1963-1964  effort;  ccanpleted 

Reports :  AD-6I 0073 

RADC-TDR-64-3O8  "Circuit  MTTR  as  a  Function  of  Design" 

Computer: 
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Title:  NftlntainAbillty  Fredlotlcm  Progxett 


Abei»«ct:  This  program  impleaente  l^e  predictlcn  technique 
develi^ed  ^  iRlWi  Reeear:^  Corporation.  Iiqfmta 
to  the  prc^ram.  In  the  fora  of  equlfuent  charac¬ 
ter  is  ties,  aie  converted  hgr  the  coaputer  to 
dlstributiona  of  active  repair  times  and  system 
down  times. 

The  Inputs  are  typified  by  such  characteristics  as  numbers 
of  caqianents,  fli^t  line  replaceable  ccaponents,  spares, 
test  points,  and  readouts;  and  failure  rates,  mission 
length  and  maintenance  policies.  A  major  advantage 
of  the  output  is  the  fact  that  it  is  In  the  form  of  a 
distribution  rather  than  a  point  estimate. 

Improvements  in  the  program  must  be  predicated  aa 
refinement  of  the  basic  prediction  technique. 

Sp<nsor:  Air  Force,  WPAFB  (AFSC  -  Dir.  Strategic  and  Xhctical) 

Contract:  AF  33(657) -10594 

Cc»^tractor:  ARINC  Researcdi  Corpora ti<xi 

Status ;  Completed 

Reports:  ARINC  Report  267-02-6-420 

Computer:  IBM  1401  and  7090 

Programs  available  at  ARINC  for  I4OI  and  at 
WPAFB  for  7090 
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Utle:  lecbnlquee  Study 


Abstract:  Furnlflhss  quantitative  asaeurcaaot  of  groaod 
electrcsiie  systea^eq^FBBnt  {i  through  tisa  of 
a  prediction  technique  idiioh  provides  an 
estioate  of  equipnent  doiintiae  throtigh  neasures 
of  i|  design*  Coi^esMntary  to  the  p^edlotioii 
technique,  design  analysis  nethods  were  foraulated 
to  peralt  design  selecticxi  deoiai<»s  to  be 
made  during  equipnent  developnent* 

SpcKxsor:  Air  Force,  RADC 

Contract!  AF  30(602) -2057 

Contractor:  RCA  Seznrice  Cooqpany,  Camden,  New  Jersey 

Status:  1960-63  effort;  coapleted 

Reports:  RADC  m-63-85  "IfaintaimbiUty  Technique  StuSy”,  Vd.  I 

ad-404899 

AD-40489v9  "Maintainability  Baginoerlng" ,  Vd.  H 


Computer: 


sEcnof  IV  •  STSTEKS  fmcTivmss 


Title:  Availability  Evaluation  Program  (HASSE-l) 


Abatraet:  This  program  pennlta  the  efficient  repetltlTe 
evaluation  of  the  rellabHityj  maintainability 
or  availability  of  a  ayatem  as  variatlona  are  made 
In  failure  or  repair  diaracteriatioa,  or  in  ayatem 
configuration. 

Obee  a  reliability  block  diagram  baa  been  eatabliahed 
for  a  ayatem,  the  program  can  calculate  for  any 
apeelfied  time  Hie  reliability  and/or  availability  of 
the  ayatem.  The  failure  and  repair  timea  for  the 
individual  blocka  can  have  exp<xiential  normal  or  log- 
normal  diatrlbutlona  or  can  be  entered  aa  profaabilitlea . 
The  program  can  handle  partial,  time  dependent,  and 
atandby  redundancy. 

Note;  Aa  preaently  written,  thla  program  la  limited 
to  evaluation  of  reliability,  maintainability,  and 
availability.  Additional  effort  should  be  directed 
toward  the  inclusion  of  capability  cfaaracteriatica 
so  that  total  ayatem  effectivenesa  can  alao  be 
treated. 

Sponsor:  Navy,  Applied  Science  Lab,  New  York 

Contract:  N-l40-( 62462)  76790B 

Contractor:  ARINC  Research  Corporation 

Status:  Current.  Program  available  free:  NASL. 

Reports:  Report  Ho.  321-01-1-468  of  31  January  1965 

(Confidential) 


Computer:  IBM  I4OI-I6K 


Tltls:  i^teBi  EffeetiTeneaa  and  Design  Adequacy 


Abatxact:  Analjrtioal  aodal  ralatad  to  BTfeetlTenesa 

and  Design  Adequacy  sieiilation  and  emluaticn. 
i^q;kllGable  to  aircxnft  sjrstMS  with  eig^t  or 
less  sidM^ystSiM  and  eigd^t  or  less  ayatani  funeticms 
and  assuning  no  infllglit  repair;  also^  imit  per- 
foraanoes  are  indepwsdent*  Printed  output  states 
effectireness  as  a  probability. 


Sponsor:  Air  Poroe;  Aeronautical  Sjjrsteas  Division 

Contract:  AF  33 (657) -10594 

Contractor:  ARINC  Besearoh  CorpQratlon 

Status:  Coaplete  for  single  systeoui;  to  be  extended 

Reports:  AhlMC  Publioation  267-01-7-419 

Coaputer:  l40lAortran  II 
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Title:  System  Effectiveness  Evaluation 


Abstract:  During  the  course  of  ARINC  Research  Corporation's  efforts 
for  WSEIAC,  a  computer  program  was  developed  for  employing 
the  System  Effectiveness  evaluation  procedure  recommended 
tsy  Task  Grotp  II  of  WSEIAC. 

The  basic  program  provides  for  analytic  ccmbination  of  the 
three  elements  of  Effectiveness!  i.e.,  availability, 
dependability,  and  capability.  (These  elements  m\u>t  be 
represented  by  vectors  or  matrices  in  order  to  consider 
the  multiple  system  states  which  are  possible) . 

For  specific  systems,  variations  in  the  basic  program  are 
made.  Programs  were  written  and  employed  for  Evaluating 
the  specific  systems  discussed  in  the  following: 

(1)  Section  V,  Volume  II,  Task  Gro:^  II  Paport 

(2)  Example  A,  Volume  III,  Task  Groi;qp  II  Report 

(3)  Example  C,  Volume  III,  Task  Grovp  II  Report 

Wh^le  some  variations  did  exist,  in  general,  the  ccoiputor 
accepted  as  inputs  the  reliability,  maintainability,  and 
capability  indices  of  the  eq^j^pments  comprising  the 
systems;  frtxn  these,  it  ccmputes  the  elements  of  the  several 
vectors  emd  matrices;  and  finally,  it  multiplied  the  vectors 
and  matrices  to  obtain  Effectiveness^  Automatic  carameter 
variation  (i.e>,  several  values  of  mean-times-bo tween 
fallura  for  each  equipment)  can  be  included  and  the  re¬ 
sulting  Effectiveness  values  computed. 

Areas  in  which  improvements  are  required  will  best  be  un¬ 
covered  when  the  program  is  applied  to  actual,  as  opposed 
to  the  hypothetical,  systems  evaluated  to  date. 


Sponsor:  ARINC  Research  Corporatlrn  in-house  effort  in  ccnnostion 

with  Air  Force  Weapon  System  Effectiveness  Industry 
Advisory  Coomlttee  (WSEIAC)  Study. 

Status:  Program  available  from  ARINC 

Report:  WSEIAC  Report  Task  Group  II,  Vol.  II 

Ccxq}uter;  lEM  I401-1bk 
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Title:  SEA  {^stem  Effectiveness  Analyzer) 


Abetxact:  Tfco  prograia  ie  intended  to  have  capabilities  for 

evaluation  (prediction)  and  optimization  of  aystems 
in  terms  of  their  systems  effectiveness  or  coat 
effectiveness  attributes.  Optimization  can  be 
performed  either  as  a  selectia:  problem  among  a 
postulated  set  of  alternatives  or  as  an  allocation 
problem. 

The  program  contains  several  features  that  make  it 
suitable  for  the  solution  of  a  wide  variety  of  problems 
tdille  requiring  only  a  simple  set  of  rules  for  the 
direction  and  execution  of  tasks.  This  is  accoa^lished 
by  means  of  a  routine  whereby  varioxja  organizational 
(structuivil)  ani  functional  relationships  that  govern 
system  operation  and  betiavior,  at  various  levels  of 
Interest,  are  stored  on  tape  and  called  for  as  needed. 

In  addition,  a  coismand  and  definition  language  has 
been  developed  which  enable  the  user  to  communicate 
his  problem  in  siipple  terms.  Provision  is  also  made 
for  revision  and  updating  of  the  various  libraries  and 
for  storage  and  i*ecall  of  analyzed  configiorations. 

Capability  also  exists  for  modifications  and  altering 
systems  during  analysis  as  well  as  assessment  of 
sensitivity  of  various  parameters  to  selected  effective¬ 
ness  measures. 

Sponsor:  Naval  Applied  Science  Laboratory,  New  York 

Contra  ct :  N1 40 ( 62462 ) -77459B 

Contractor:  Computer  Applications  Inc. 

Status:  Active,  users  language,  system  of  function  libraries  developed 

Report;  Ifeer  language  Available,  also  Program  Reports  30  November 
1964  and  31  January  1965 

Ccmputer:  GDC  660O  (Control  Lata  Corp.) 


Title:  (SEK/AN)  System  Effectiveness  Evaluation  Analyser 

Abstract:  A  Steady-State  Effectiveness  Model.  SEE/AN  Involves  a  steady-state 
system  effectiveness  model  that  computes  equilibrium  distributions  of 
effectiveness  characteristics.  It  Is  most  useful  for  large  systems 
composed  of  10  to  several  hundred  subsystems  In  which  sustained  operations, 
including  real-time  maintenance,  is  required. 

This  model,  when  Implemented  with  the  aid  of  a  computer  progam,  will 
show  the  effects  of  malfunction,  scheduled  and  unscheduled  maintenance, 
logic  and  time  of  detection,  localization,  fall-hack,  and  recovery  upon 
the  performance  distributions  that  form  the  program  outputs.  System 
degradation  requires  particular  attention  during  transitions  in  system 
operating  modes.  The  SEE/AN-I  program,  which  is  used  to  perform  the 
final  compute ticns,  requires  Inputs  that  include  the  following: 

(1)  Definitions  of  groups  of  functionally  Interchangeable  sub¬ 
systems  that  exist  in  the  system. 

(2)  The  mean-up-tlme  (MUT)  and  mean-down-time  (MDT)  for  the  sub¬ 
systems  of  each  grov^>,  measured  or  calculated  from  formulae 
in  the  associated  program  documents. 

(3)  The  number  of  subsystems  that  are  in  each  group. 

(4)  Definitions  of  states,  and  groins  of  states  of  interest.  All 
states  that  are  unspecified  are  automatically  placed  together 
with  the  null  state  (all  subsystems  Down) . 

(5)  Values  of  state  performance  parameters.  As  many  as  10  per¬ 
formance  parameters  may  be  specified.  These  may  be  of  either 
the  additive  type  (more  are  better,  e.g.,  capacity)  or  the  time- 
descriptive  type  (fewer  are  better,  e.g,,  service  time).  These 
parameters  differ  in  the  automatic  corrections  that  are  made 

for  system  recovery  time,  and  for  non-performance  in  the  null  state, 

(6)  Values  of  thresholds.  Thresholds  allow  the  distributions  of  the 
performance  parameters  to  be  compared  with  specified  performance 
valiies. 

Program  outputs  Include:  (I)  the  probability  of  each  state  specified 
on  input,  (2)  the  mean-time  spent  in  each  of  the  states  specified  on  input, 
(3)  probability  distributions  for  each  performance  parameter  specified 
on  input,  and  (4)  comparison  of  the  performance  parameter  distributions 
with  the  specified  threshold  values. 

Also  see  (SEE(SIM))  Simulation  Program  (P.  IV-6). 

Sponsor:  DCA 

Contract:  DCA  Contract  SD-194 
Contractor:  Auerbach  Corporation 

Status:  Currently  being  used  in  the  Autodin  Project  for  Proposal 
Evaluation,  Design  Prediction  and  System  Progress  during 
production. 

Reports:  (a)  Sp>eo  MIL-A-55246  (EL-Autodln) 

(b)  IEEE  Paper  "System  Effectiveness"  Philadelphia  Section, lOFebbS 
Computer:  Philco  S-2000,  IBM-7090,  Fortran  II 
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Title:  SEE(SIM)  Sijrstea  Effectiveness  Simiilation 


Abe tract: 


Sponsor: 

Contract; 

Contractor 

Status: 


SI^CSIM)  was  (levelled  in  suf^ort  of  5BAHAWK  and 
PACED.  It  is  capable  of  simulating  the  effective¬ 
ness  cliaracterlstlcs  of  a  vide  class  of  systems. 

The  Simulator  generates  failures  and  repairs  of 
subsystems  (units)  In  Mmte  Carlo  fashicxi  in 
accordance  vdth  px^scrlbed  probability  distri¬ 
butions.  The  program  also  allows  for  consideration 
of  task  priorities  and  incluslcm  of  recognition 
times  (mean  and  variance  of  times  necessary  to 
recognise  a  failure)  and  adjustment  times  (speci¬ 
fication  of  alternate  modes  of  operation  of  the 
8y8t<ai  i4}on  recognition  of  a  failure  and  s^n 
times  Inquired  to  accomplish  adjustments) .  The 
program  outputs  include  the  following; 

(1)  Tables  that  show  the  nisnber  of  times  the 
system  was  not  performing  at  a  specified 
level  for  a  specified  length  of  time. 

(2)  The  mean  duration  of  an  occurence,  and 
deviations  ^from  the  tabulated  mean. 

(3)  Probability  of  achieving  given  levels 
of  performance. 

Also  see  (SE£(AN)  Analyzer  Program  P.  IV-3) 

Navy,  BuShlps 
Nobsr-91244 
Auerbach  Corporation 
Current-being  used 


Reports: 

Computer;  IBM-7090/7094(GPSS  II  language) 


title  i  A3d  Hlaaioa  SffectiTeness 


Abstract:  Program  to  (a)  evaluate  the  oontrlbutloa  of  each 
8ub««]r8tem  to  over*all  mieslon  requirements « 

(b)  establish  contribution  of  each  sub-sjnstem  to 
over-ell  mission  effectiveness,  and  (c)  provide 
means  for  <^tlffllsation  of  tactics. 

Does  not  consider  factors  sued:  as  false  alarms, 
sonar  interference,  countermeasures,  cost,  maniklng, 
etc. 

Work  done  Is  support  of  DE-1052  Advanced  AStf  ^ilp. 
Sponsor:  Navy,  Biifeapons,  Navy  Weapons  laboratory 

Contract:  N1 78-85-44 
Contxactor:  ARMA 

Status:  First  {dMse  cooqileted.  Currently  being  programmed 

and  up^ted.  Computer  program  will  be  available 
for  errarclse  1  July  1965. 

Reports:  Phase  1-9  partial  reports  each  covering  sub-model 

CcBiputer:  Stretch  (1EM-7D30) /Stretch  Language  (Fortran  4) 


Title:  Bvaluatlon  of  the  System  Effectiveness  of  the 
E2A/ATDS 


Abstract:  A  program  has  been  developed  to  assess  the  effective¬ 
ness  over  relatively  long  periods  of  time  of  a  system 
capable  of  operating  In  several  different  modes.  The 
system  capability  is  a  functicvi  of  the  system  state 
at  a  particular  time;  the  system  state,  in  turn,  is 
a  function  of  the  condition  of  the  equipments  comprising 
the  system.  The  measure  of  effectiveness  is  the  integrated 
capability  of  the  system  over  the  total  mission  time. 

In  the  system  under  study,  a  simulation  approach  was 
employed  because  of  the  difficulties  involved  in 
analytically  describing  the  multiple  state  transitions 
which  could  occur. 

The  simulation  considers  such  variables  as  the  number 
of  systems  available  for  patrol  duty,  reliability  of 
the  components  of  the^  system,  maintenance  policy,  times 
required  to  restore  failed  units,  and  various  operational 
parameters  such  as  refuel  times,  launching  and  landing 
times,  and  the  number  of  aircraft  allowed  in  the  air 
simultaneously.  The  program  allows  variation  of  these 
parameters  and  shows  the  relationship  between  system 
effectiveness  and  the  various  parameters. 

Improvements  in  the  program  to  permit  inclusion  of  such 
factors  as  logistic  considerations,  shop  maintenance, 
and  maintenance  efficiency  as  fleet  experience  is  obtained 
should  be  Incorporated. 


Sponsor: 

Navy,  BureaiiWeapona 

Contract: 

NP0LA-N-123(61 756) -50249A 

Contractor; 

ARINC  Research  Corpora ti 

Status: 

Completed  February  1965 

Reports : 

ARINC-322 -01 -2-470 

Coaq>uter: 

IEM-7090 

IV 


8 


Title;  Techniques  for  Prediction  of  System  Effectiveness 


Abstract;  The  purpose  of  this  effort  uas  to  investigate  and  develop 

a  mathematical  model  capable  of  predicting  the  effectiveness 
for  any  given  operational  environment.  The  model  «as. expected 
to  be  able  to  account  for  the  influence  of  all  Important 
parameters  of  hardware  and  environment,  such  as  reliability, 
redundancy,  man-made  and  natural  environments,  etc.,  and  to 
express  the  effectiveness  of  the  system  in  terms  of  a  single 
figure  of  merit. 

The  SPAN  (System  Performance  Analysis)  Model  developed  in  the 
course  of  the  study  utilizes  both  physical  and  mathematical 
modeling  techniques  and  is  derived  from  probability  and 
information  theory  and  the  energy  flow  equations  of  Laplace 
and  Helmholtz.  By  transforming  system  and  environmental 
parameters  into  SPAN  language  and  appropriate  effectiveness 
numbers,  the  system  is  simulated  by  electrical  networks.  As 
an  example,  transmission  phenomena  are  represented  as  "T" 
networks  in  which  the  values  of  the  series  arms  represent 
the  lossy  transmissions  of  both  energy  and  information,  and 
the  values  of  the  shunt  arms  represent  the  transfer  ratios. 

The  initial  values  of  resistance  are  determined  by  the 
product  of  the  effectiveness  numbers  and  a  constant  resistance 
determined  by  the  simulation  equipment  used.  The  total 
system  effectiveness  in  this  type  simulation  is  represented 
as  an  output  power  which  can  be  optimized  by  varying  the 
resistances  of  the  simulator.  The  new  resistance  values,  when 
translated  back  into  real  system  parameters,  then  rejiresent  the 
most  effective  system  configuration. 

Contained  in  this  report  are  a  series  of  transforms  for  the 
conversion  of  parameters  to  SPAN  lan^^uage  and  effectiveness 
numbers,  and  a  demonstration  of  the  simulation  technique  for  the 
case  of  a  hypothetical  system. 


Sponsor: 

Air  Force,  RADC 

Contract; 

AF  30(602)  273 

Contractor;  Nortronics 

Status: 

Completed 

Reports ; 

RADC  TDR  62-540 

Computer: 

IV  -  9 


Title:  Teobniques  for  Predlcti<»  of  Syatem  EffectlTeneas 


Abatmet: 


Sponsor: 

Cmtrect: 

Contractor: 

Status: 

Report: 

Conputer: 


The  broad  probl«B  of  the  prediction  of  ayateu 
effectiTezwaa  la  investigated  vi^  the  obj^active  of 
detezvining  ^  kind  of  aatlMnatics,  Mith«aatf  cal 
■odels  or  Battheaatioal  procedures  capable  of 
supporting  a  significant  aaount  of  the  required 
ai^licaticma .  special  attention  is  given  to  thoee 
problM  areas  in  which  the  ooaqmtation  of  e^ectiveness 
indices  can  not  exclude  consideration  of  reliability 
and  oalntainability.  For  such  probleas  it  is  con¬ 
cluded  that  feasible  solutioxu,  capable  of  ^e 
tioely  and  econoaical  generation  of  needed  results, 
exiat  (xily  in  tens  of  hsrbrid  Monte  Carlo  and 
analytloal  siaulatlcxi  prograns  for  digital  conputers 
(requiring,  in  some  cases,  minor  analog  support) 
vhLch  must  be  ^nerated  by  the  computer  itself 
by  virtue  of  a  compiler  type  automatic  prograssting 
language.  The  existing  languages  are  investigated 
and  found  unsuitable  beoaime  of  lack  of  suitable  logic, 
protracted  programming  time  or  lack  of  usability  by 
other  than  specially  trained  professional  programmers. 
Some  of  the  difficulties  encountered  are  demoistrated 
by  the  construction  of  a  working  program  for  the 
prediction  of  system  effectiveness  for  a  sisqple 
system  for  which  reliability  and  maintainability  are 
considered.  Suggestions  for  the  structure  of  a 
suitable  language  are  set  forth. 

Air  Force,  RABC 

AF30(602)-2718 


Coeipleted  1963 

RADC  TDK  63-407  (available  through  DDC) 
lat  1620 


IV  -  9k 


Title;  EffectlTeness  SlaulatloQ 


Abstract: 


Spooeort 

CoQtxact; 

Contractor 

Status: 

Report: 


Coi^iuter  program  developed  for  analysis  and 
predlcticn  of  Reliability,  Availability, 

M!iinta Inability  and  Systm  Effectiveness  fc»r 
an  Airborne  equipment  with  four  Indepemtont 
units. 

Printed  output  indicates  for  every  iCtb  flight 
number  of  cosqplaints,  nvnber  verified,  nuBd>er 
succeesfuUy  repaired,  start  statim  probabilities 
and  individual  unit  cteracterlstics. 

Program  is  written  to  show  general  utility  of 
simulation  program.  T.  *'''  run  of  500  fli|^ts 
yielded  no-c(mq;iLaint  probaoxj.ity  of  0.4S4  as 
CGS^pared  to 0.491  obtained  analytically. 

Note.  Limited  to  Airborne  system  of  4  independent 
units  -  effort  needed  to  revise  program  to  handle 
variable  number  of  units. 

Air  Force  -  WPAFB  (AFSC<-Dlr.Stxateglo  and  Ssctical) 

AF  33(657) -10594 

ARINC  Research  Corpoxation 

Co^deted  end  of  1963  -  thinking  was  input  to 
USEIAC  Stimly 

ARINC  267-01-7-419 


SKCTior  ?  -  COST  EmcnvsiEss 


Title:  Cost-Effectlvaneae  Studies 


Abatraet; 

Cost*^ffectlvene88  studies  for  advanced 

Sea  Baaed  Oeterrance 

Sponsor: 

Navy,  Special  Projects  Office 

Contract: 

C<»itxactor 

:  Stanford  Research  Institute 

Status: 

Active 

Reports: 

Vol,  I  and  II  "Weapons  ^teos  Slynthesis  and 
Technical  Dvaluation  for  Advanced  Sea  Based 
Deterrence"  (Classified  Reports) 

Special  Report  I  -  Notebook  of  Cost 
Effectiveness  Studies  for  Advanced  Sea 

Eased  Detterance  (Classified  Report) 

Cooputer: 

IBM-7090 

V 


Title:  Bt^uation  Criteria  for  Associative 
Memories 


Abstract:  A  method  for  evalmting  the  relative  cost- 
effectiveness  of  a  series  of  caEq>uter 
B^Muuries  relative  to  performance  per  nnit 
of  total  ooet. 

Wote;  The  underlying  as8ia4>tions  and  approach 
are  being  held  proprietary  but  the  actwl  n^mory 
analyses  and  cooq>utation8  are  Included  in  the 
report  of  Phase  I  of  the  effort. 


Sponsor:  Air  Force  RAUID*  Rome  Air  Development  Center 

Contract;  AF  30(602) -31 08 
Contractor:  Hollander  Associates 
Sta  tiis :  Completed 

Reports:  Phase  I,  Report  209-1  dated  28  December  1963 


V 


Title:  Criteria  for  Systems  Trade-Offs 


Abstract:  Pbaae  I.  Determine  wheUier  correlaticKi  exists 
between  both  development  cost  and  time;  and  the 
ranges  of  system  performance  characteristics  for 
a  given  class  of  systems. 

Phase  II.  If  correlation  exists;  develop  general 
relationships  equating  the  appropriate  design 
characteristics  to  over-all  system  development  cost 
and  system  development  time. 

Sponsor:  Air  Force,  RADC 

Contract:  AF  30(602) -3702 
AF  30(602) -3722 

Contractor:  Sylvanla 
ARINC 

Status:  Active 

Reports: 

Computer: 


TOTE:  The  approaches  to  the  problem  are  different  in  each  case: 
Svlvania 

Approach  -  Actixil  system  design,  development  time  and  cost 
information,  will  be  stvtdied  and  retraced  in  detail  for 
several  systems,  each  representative  cf  a  type  in  vide  uaage, 
to  realize  the  objectives  above  (Case  history  approach).  In 
addition  computer  simulation  procedures  will  be  utilized  to 
determine  design  vs  cost  parameters  for  hypothetical  systems 
of  a  given  type. 

ARINC 

Approach  -  Actual  system  design,  development  time  ana  cost  data 
will  be  collected  frcan  a  large  group  of  systems.  Pertinent 
information  will  be  extracted,  analyzed,  correlated  and  st^?- 
plemented  by  engineering  theory  to  reali«o  the  goals  of  the 
objective. 


V  -  3 


Title:  Bcoacadcs  of  Ownership 


iibetract:  The  eccaicailcs  of  ownership  prograa  is  designed  to 
study  system  optimir&tion  with  respect  to  cost  and 
reliability.  This  program  simulates  the  operation 
of  weapon  systems  as  a  function  of  reliability  and 
maintenance  capability  and,  in  turn,  computes  the 
availability.  The  effectiveness  cd'  any  system  is  a 
function  not  only  of  its  tactical  capability,  but  also 
of  its  operational  reliabldi.ty  and  availability. 
Trade-off  studies  are  aade  between  initial  cost  and 
total  maintenance  cost.  In  addition,  optimum  spares 
investment  and  allocation  can  be  determined  along 
with  maintenance  personnel  and  facility  requirements. 


SpcBisor: 

Autonetics  Division  of  N&A  (In-House) 

Contract: 

Contractor: 

Status: 

Program  ciarrently  being  used. 

Reports: 

No  reports  available 

Computer: 

IBM-7094 

V  -  4 


Title;  Cost  and  Availability  Program 


Abstract:  A  program  developed  and  employed  under  a  Jfevy  contract 
provides  reliability,  maintainability,  and  availability 
indices  at  various  levels  of  hardware  complexity.  Coi^iled 
with  these,  it  provides  several  costs  associated  with  the 
system's  operation  and  support. 

The  program  accepts  as  inputs  such  observed  characteristics 
as  system  operating  time}  nimtber  of  failures  at  system, 
equipment  and  part  levels;  maintenance  times;  technician 
rating;  echelon(s)  at  which  repairs  are  made;  replacoaent 
part  costs;  system  and  initial  spares  costs;  and  systwn 
life  and  utilization  rate. 

The  program  provides  as  outputs; 

Reliability,  maintainaoiilty,  and  availability 
indices  at  various  hardware  ccsiplexity  levels. 

Costs,  per  operate  hour,  of 

( 1 )  Initial  procurement 

(2)  Operation 

(3)  Maintenance  (labor  and  parts) 

Costs,  per  loaintenance  actim,  of 

(1)  Labor 

(2)  Farts 

The  program  has  recently  been  adapted  to  accept  data 
provided  by  a;i  existing  military  activity  (NATSF). 

Additional  effort  in  improvement  of  this  program  could  be 
devoted  to  inclusion  of  broader  support  costs,  such  as 
buildings,  major  facilities,  costs  of  personnel  above 
squadron  level. 

Sponsor:  Navy  -  Btu'eau  Weapons 
Contract;  N123(61756)  32994A(PMR) 


Contractor; 
Status: 
Reports ; 
Coo^uter : 


ARINC  Research  Corp, 

Completed 

ARINC  Report  285-01 -4-4o7  (Confidential) 
IBM  -  14D1 


SEcnoR  VI  -  sisms  sviLOAnoR 


Title:  Q.P.S.S.  (General  Purpose  SUratam  Simulator) 


Abstract:  G.P.S.S.  is  a  technique  ^t  provides  a  means  of 
evaliwting  a  proposed  system.  The  syetemB* 
characteristics  and  behavior  are  modeled  by  a 
computer  program  %dilch  reacts  to  varioisi 
c^ierating  coa^ticms  in  a  similar  manner  as 
the  proposed  S3rat4n  would  react. 


Besults  are  used  to  establish  feasibility,  C06qxiz*e 
alternatives  and  to  j^in  insight  as  to  l^e  effect 
on  system  perfomance  of  a  change  in  equipau>nt 
parameters . 


Sponsor: 

IBM  (In-House) 

Contract: 

Contractor: 

1 

► 

Status: 

Operating 

Beports: 

Available  from  IBM 

Computer: 

7090  Series/lPortran 
7040  "  " 

32K  Memory 

32K  Memory  (CS>SS  III  only) 


VI  -  1 


Title;  GOSSIP  (Qeae»l  Operating  Siyatewe  Simulation  Program) 


Abetzact:  GOSSIP  is  a  general  program  far  simulating  a 

number  nf  states  and  actlTitles  with  the  operation 
of  a  cosiplez  sysL^m  over  a  specified  mission 
interval.  It  will  simulate  opezatlng  time  in 
both  normal  and  degraded  modes ,  unit  and  system 
failures »  corrective  repair  and  influences  of  all 
of  these  on  simply  support  effectiveness. 

The  program  can  handle  very  large  networks  (i.e., 
complete  POLARIS  Submarine).  The  outputs  possible 
are  (1)  cce^lex  system  reliability  as  a  function 
of  unit  reliability,  (2)  availability  and  readiness 
analysis  at  given  performance  levels. 

I]bed  basically  as  a  design  tool  for  deterzoinaticBi 
of  logistics  requirements. 

Sponsor:  Nhvy  Special  Projects  Office 

Contract: 

Contaractor:  General  Electric  .Tempo 
Status:  Active 


Reports:  Available 

Computer:  IBM-7090/Fortran  and  Kab 


VI  -  2 


Title:  Weapons  Sloulatlon 

Abstract:  Program  to  evaluate  performance  as  a 
function  of  varying  Inputs. 

L(»ig  range  program,  will  not  ccoplete 
most  models  until  sooetlme  after  1970. 

Sponsor:  fiuUeapcns 

Contract: 

Contractor:  NOrS(P) 

Status :  Active 

Reports:  Status  Report  due  April  1965 

i 

Computer:  AN/USQ-20B(Dlgltal);  £A(Analog) 


Title:  S(^r  Simula tl cm 


Abatract:  Complete  programming  of  direct  path,  bottom 
boimce  and  convergence  zcme  sonar  modes  of 
operation.  The  model  ccmsiders  environmental 
and  other  sub-system  inputs.  It  can  be 
uaed  for  surface  or  submarine  sonars. 

Sponsor:  Ibvy,  ibval  KLeetronics  lAb/fiu^ips 

Contract: 

Contjactor:  NEL,  In-House 

Status:  Active,  reaciy  for  excercising  1  Jiily  1965 

Reports:  NEL  Report  September  1964  on  bottom  bounce 

simulationj  March  1965  for  convergence  zone 
and  direct  path  operation. 

Ccmputer:  AN/USQ-20A/ifflLIAC(Intemational  Algo(58) 
Cdopiler) 


VI  -  4 


Title:  Siisple  Digital  Device  Simulator 


Abstract: 

Simulate  the  operation  ot  digital  coe^uters. 
Output  is  the  state  of  all  storage  elMents. 

Sponsor: 

Air  Force,  AFSC 

Contract: 

Contractor:  AMF 

Status: 

Completed 

Reports: 

"A  Simple  Digital  Device  Simulator",  Rxtbln 
and  Hickey,  ilMF  Company 

Computer: 

im  7090/1 

VI  -  5 


SECTIOH  VII  -  CIRCUIT  AHALISIS 


Title:  E.C.A.P.  (Electrcaaic  Circuit  Aaalyaie  Progtuitt) 


Abstract:  Aoalyais  to  determine  effect  of  environment, 
aging  and  producti«Mi  tolerances  of  parameters 
<»i  circuit  performance.  Ifeer  oriented  program 
capable  of  yielding  a  thorough  D,C.,  A.C,  or 
transient  oirctiit  analyses. 

Spcaisor:  IBM  (In-House) 

Contract: 

Contractor: 

Status:  ft^m  apillAbie  and  being  used.  Program  being 
modified  for  IBM-7090/4.  * 

Reports:  IBM-1620  Eleetr<»xic  Circuit  Analysis  Program 

Computer:  IBM-1620,  4OK  Ifemoiy 
Fortran  II 


VII 


Title;  NET-1 


jkbstract:  Circuit  Design  model  to  evaluate  circuit 
performance  for  design  optimization  frcra 
past  performance  electrical  inputs.  A 
utility  routine,  it  accepts  system  - 
descriptions  and  part  -  specifications  as 
inputs  and  produces  system  behavior  as  out¬ 
puts.  Iterating  voltages  and  cirrrents  at  all 
modes  of  operation  are  available  as  output 
for  both  transient  and  steady  state. 

Sponsor;  los  Alamos  Scientific  Laboratory 

Contract: 

Contractor;  Sandia  Corporation 
Status:  Active 

Reports;  NER-1  Analysis  Program  -  Doc  LA-2853  Los  Alamos 
Scientific  laboratory 


VII  -  2 


Title:  Statistical  Circuit  Analysis 


Abstrsct; 


Sponsor: 

Contract: 

Coitractor 

Status: 

Reports: 

Computer: 


Programs  provide  a  method  of  detenoining  the  statis¬ 
tical  distributicn  of  a  circuit’s  output  variables. 
Circuit  output  variables  include  voltages,  currents, 
powers,  gains,  etc.  The  output  variables  determine 
the  distribution  of  a  circuit's  DC  operating  points 
and  frequency  response.  Most  of  the  programs  use  a 
Monte  Carlo  method  which  simulates  the  raMom  con¬ 
struction  of  a  circuit  froa  parts  described  by  their 
distributions.  The  distribution  of  the  output 
variables  is  determined  by  analysing  a  large  number 
of  these  circuits.  The  moment  method  program  is  syn 
analytical  technique  which  uses  the  propa^tion  of 
variance  formula  to  predict  the  mean  and  standard 
deviation  of  a  circuit's  output  variables.  These 
programs  have  been  used  to  determine  the  probability 
of  a  circuit  falling  due  to  the  components  tolerance 
buildup. 


Company  ai»l  Contract  Funds 
Autonetlcs  Division  of  NAA 
Programs  currently  being  used 

Autonetlcs  Report  "Reliability  Analysis  of  Eaecuronlo 
Circuits"  being  reproduced  by  Defense  Documentation 
Center. 

IBM- 7094  for  several  programs 
Autonetlcs  RECOIff’  II  for  one  program 


VII  -  3 


Title:  Parameter  Variation  Circuit  Analysis  Techniques 

^^act:  Parameter  variation  programs  that  vary  the  parameters 
of  a  circuit  in  some  predetermined  manner  to  provide 
the  engineer  with  useful  design  data.  Worst  case 
analysis  programs  provide  absolute  maximum  and  minimum 
values  of  circuit's  outputs.  These  worst  case  programs 
were  particularly  useful  in  determining  the  power  ratings 
of  resistors  and  transistors,  voltage  rating  of  capaci¬ 
tors  and  other  component  stress  ratings. 

Some  of  the  variational  programs  are  used  to  determine 
the  effects  on  circuit  performance  when  one  or  more 
parameters  is  varied  tiirough  a  range  of  values.  For 
examples  these  programs  have  been  used  to  determine 
the  frequency  response  of  a  circuit  for  several 
different  values  of  a  component.  This  type  of  program 
helps  the  engineers  to  design  more  reliable  circuits. 


Sponsor; 

Contract: 

Company  and  Contract  Funds 

Contractor 

:  Autonetics  Division  of  NAA 

Status: 

Program  currently  being  used 

Reports ; 

Reports  available  from  Autonetics 

Computer: 

IBM- 7094 

Autonetics  RECCMP  II 


VII  -  4 


Title;  Transient  Analysis 


Abstract: 


Sponsor: 

Contract; 

Contractor 

Status: 

Reports ; 

Computer; 


Transient  circuit  analysis  programs  are  used  to 
study  the  behavior  of  circuits  as  a  function  of 
time.  Of  primary  concern  are  the  peak  part 
stresses  that  ai^  associated  with  transients  and 
the  over-all  time  response. 

Several  programs  are  available  to  supply  this 
information  to  design  engineers.  The  "DEE" 
(Differential  Ec^uation  Evaluator)  program  gives 
the  time  response  for  a  set  of  simultaneous 
eqmtions  written  in  terms  of  the  laPlace  trans¬ 
forms.  SCAN  transient  analysis  programs  solve 
simultaneous  differential  equations  by  the  finite 
difference  method.  This  program  has  the  added 
capability  of  being  able  to  handle  non-linear 
components.  The  ** TRUMP"  (Transient  Response  Using 
Matrizant  Proceduz*es)  finds  the  transient  response 
of  linear  and  non-linear  circuits  using  oatriaant 
procedures  to  solve  the  simultaneous  differential 
equations. 


Company  and  Contract  Funds 
Autonetics  Division  of  NAA 
Programs  currently  being  used 

Reports  available  on  some  programs  from  Autonetics 
IEM-7094 


VII 


Title:  ftedletloD  Aoaljrala 


Abatxviot:  The  ”!nuC  (Transient  Radiation  AnalTsie  by  Cka^uter) 
piTograa  analyses  the  effects  of  nuclear  radiation  on 
sendoonductar  circuits*  In  its  present  fora,  TRAC  is 
oriented  toward  the  specific  area  of  pulsed  ionising 
radiation,  but  is  camble  of  including  peraanent 
daaage/displaoement/ef facts  and  ErH  pulse  effects. 

This  progran  oan  sinulate  a  zadiation  profile  of  a 
nuclear  derioe  more  realistically  than  oan  be  duplicated 
in  a  laboratory*  The  TRAC  program  la  basically  an 
advanced  transient  circuit  analysis  program  %ri.th  the 
additional  capability  of  including  radiation  effects* 

Sponsor:  Autonetics  Dlv.of  NAA 

Contract: 

Contractor: 

Status:  Program  currently  being  used 

Reports:  A  paper  available  from  Autonetics 

Caq>uter:  iai-7094 


VII  -  6 


Title;  Failure  Mode  Analysis 


Abstract: 


Sponsor: 

Contract; 

Contractor 

Status: 

Reports : 

Computer; 


Failure  mode  circuit  analysis  programs  simulate 
catastrophio  part  failures  to  analyze  the  fail¬ 
safe  characteristics  of  circuits.  They  are  also 
xised  to  determine  if  associated  parts  will  be  over- 
stressed  and  fail.  They  provide  information  which 
can  be  used  in  defining  test  point  allocation,  and 
In  preparing  fault  isolation  and  repair  procedures* 
"S7CATE"  was  developed  as  an  aid  in  the  preparation 
of  maintenance  manuals.  The  "AMAF"  failure  mode 
analysis  program  is  designed  to  fail  all  coo^onents 
of  a  DC  circuit  to  determine  their  effects  m  circuit 
performance.  The  **ACFM"  program  is  used  to  study  the 
primary  and  secondary  failure  modes  of  AC  circuits. 


Ccmpany  and  Contract  Funds 
Autonetics  Div.  of  NAA 
Programs  currently  being  used 
Autonetics  report  in  preparation 
IBM-7094 


Title: 


Logic  Circuit  Evaluation 


Abatract:  Analysis  of  cost-effectiveness  of  high-speed 
conputer  circuits. 

Mote;  The  underlying  assia^tlons  and 
approach  are  being  held  prepietary  but  the 
actml  analysis  and  ccnputations  will  be 
included  in  the  report. 


Sponsor:  Any 

Contract:  DA(  18) -11 9  (SC)  2461 

Contractor:  Hollander  Associates 

Status:  Qbder  vay 

Reports: 
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Title:  Statietical  Data  Analysis 


Abstract;  The  "ECAP"  (Electronic  Compoaent  Analysis  Project) 

computer  program  is  an  integrated  system  of  analysis 
programs  used  to  analyze  electronic  part  parameter 
data.  The  statistical  methods,  techniques,  and  computer 
programs  are  applicable  to  the  majority  of  engineering 
test  data.  This  program  vas  developed  to  analyze  the 
extensive  reliability  life  test  data  generated  In  the 
Minuteman  Reliability  Improvement  Prt^ram. 

The  program  bad  the  following  objectives: 

(1)  Improve  reliability  by  obtaining  failure  mode 
data  and  feedback  for  design  and  process 
in^rovement. 

(2)  Completely  characterize  reliability  of  electronic 
parts. 

In  addition  to  this  Integrated  prc^ram,  there  are 
numerous  statistical  computer  programs  written  for 
particular  problems.  These  programs  perform  regress! cn 
analyses,  develop  pictorial  computer  output,  and 
perform  such  statistical  operations  as  detezmlning 
the  chi -squared  functlcsi  and  WeibuU  distributions. 

Sponsor;  Air  Force 

Contract:  Minuteman  Project 

Contractor:  Autonetlca  Dlv,  of  NAA 

Status:  Programs  currently  being  used 

Reports:  Minuteman  Contract  Report  available  through  Air  Force 
Computer:  IBM-7094 


J 
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Title:  A.C.  and  D.C.  Circuit  Analysis  Program 


Abstract:  This  program  enables  an  analyst  familiar  only  with 
basic  techniques  for  circuit  analysis  to  obtain  a 
coBiplete  analysis  of  a  circuit4  The  analysis  options 
are  (1)  one-at-e-time  parameter  variation  and  sensitivity 
test  to  determine  the  effect  of  the  input  parameter  change 
cai  circuit  performance;  (2)  worst-case  solutions  with  all 
coB^>csients  at  their  drift  limits;  (3)  H<xite  Carlo  analysis 
to  determine  what  the  large  volume  production  spread  of 
circuit  performance  might  hA;  and  (4/  special  solutions  with 
specified  combinations  of  limits  on  coe^onents.  The 
method  has  been  labeled  a  cookbook  approach. 

The  program  can  be  used  either  as  a  design  tool  for 
optimizing  circuit  p)erformance  or  for  determining  the 
reliability  of  given  circuits. 

Note;  Two  major  areas  in  which  further  develojaient  is 
needed  are  (l)  incorporation  of  capability  for  transient 
analysis,  and  (2)  eliminate  the  need  for  the  analyst  to 
write  the  loop  equations  (which  can  be  a  major  source  of 
error)  and  incorporate  these  into  the  ccmputer  program 
for  equivalent  circuits. 

Sponsor;  Navy  -  NOTS,  China  Lake,  Calif. 

Contracts  N123(60530)-51224A 

Contractor;  P.cse'irch  Corporation 

Status;  Complete  with  efforts  planned  for  computer  generation  of 
equations  and  to  cover  transient  analysis. 

Reports:  (a)  Proceedings  of  11th  National  Symposium  Reliability 

and  Quality  Control,  Pages  12-21 
(b)  ^rvice  to  NCTTS  and  no  formal  contract  reports 

Computer;  7090/94  Fortran  II 
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Title;  Master  Parameter  Variation  Program 


Abstract;  Designed  to  perform  statistical  analyses  of 
electronic  circuits,  particularly  digital 
logic  circuits.  Program  is  capable  of  performing 
virtually  all  engineering  and  statistical  analysis. 
Elements  modeled  are  circuit  parameter  variation 
analysis  and  reliability.  Output  is  in  form  of 
plotted  histograms,  various  numeric  val^2e8  for 
ciirrents,  voltages,  relative  sensitivity,  etc. 

Features  of  the  program  are:  Monte  Carlo  paras^ter 
variation,  multiple  parameter  distributions 
(maximum  of  22  different  distributicms);  high 
efficiency,  bandies  switches  and  circuits.  Major 
difficulty  is  in  programming  specific  circuit 
for  analysis. 

Sponsor;  AFSC  -  Mfg  Tech  Laboratory  -  Research  &  Technology  Div. 

Contract:  AF  (33) 657-8785 

Contractor:  ARINC  Research  Corporation 

Status:  Complete 

Reports:  ARINC  Report  234-02-10-466  "Final  Report  on 

Investigation  of  ractcrs  Affecting  Early 
Exploitation  of  Integrated  Solid  Circuitry" 

December  1964. 

Computer;  IBM- 7090  or  7094/Fortran  IV 


Title:  Application  of  Von  Neunann  Redundancy  Techniques  to  the  Reliable 
Design  of  Digital  Ccaaputers 

AtMtract:  The  study  described  herein  consists  of  two  parts:  (1)  a  critloal 
analysis  of  the  engineering  problems  that  arise  in  the  attempt  to 
implement  various  redundant  information-processing  ccmcepts,  and 
(2)  a  detailed  development,  design  analysis,  and  reliability 
analysis  of  the  application  of  functicnial  majority  logic  to  the 
redesign  of  an  ADDER  used  in  a  space  guidance  computer. 

Tl^  analysis  of  the  engineering  problems  arising  in  the  implementation 
of  various  inform ticm-procossing  redundancy  concepts  includes  an 
evaluation  of  all  such  applicable  concepts  develop^  to  date,  and 
the  ii^lementatlon  problems  associated  with  each.  Applicability  of 
these  concepts  to  the  mechanization  of  all  the  logic  and  control 
funetlcHis  normally  required  in  a  digital  computer  is  investigated, 
and  a  qualitative  evaluation  of  the  practical  potential  of  the 
various  methods  is  presented  herein. 

Che  such  concept,  functional  majority  logic  redundancy  (FMLR), 
is  the  subject  of  application  and  analysis  in  the  design  of  a  real 
coo^uter  element,  an  ADDER  used  in  an  aerospace  guidance  computer. 

Basic  fxmctionally-redundant  AND-NOT  and  OR-MOT  modules  are  developed, 
and  the  ADDER  logic  is  redesigned  to  make  the  most  efficient  use  of  the 
module.  An  analysis  of  the  comparative  physical  characteristics  of  the 
redundant  and  non-redundant  ADDHl  is  provided  for  evaluating  the  space/ 
weight/  power  trade-offs  required  in  the  effort  to  achieve  increased 
reliability  in  digital  systems.  The  redundant  design  Is  the  subject 
of  a  detailed  reliability  analysis,  which  attempts  to  keep  at  a 
minimum  the  simplifying  assumptions  which  often  dilute  the  applicability 
of  theoretical  or  conceptual  studies  to  the  design  of  real  hardware. 

It  became  apparent  in  the  course  of  the  study  that  the  value  of  the 
redundant  design  ws  affected  as  much  by  the  mode  as  by  the  frequency 
of  part  failure.  Statistically  valid  information  of  a  general  nature 
on  part  failure  modes  does  not  exist.  In  the  absence  of  such  in¬ 
formation,  ARINC  Research  has  developed  a  mathematical  reliability 
model  which  defines  the  seppitivity  of  the  design  concept  to  the 
failure  modes  of  its  constituent  parts.  This  approach  has  a  twofold 
value:  (1)  when  statistically  valid  data  on  part  failure  modes  be- 
cone  available,  the  value  of  the  functional  redundancy  design  concept 
can  be  assessed  from  the  families  of  reliability  cuirves  provided  in 
this  report;  and  (2)  the  model  demonstrates  the  value  of  developing 
piece-part  fabrication  processes  which  will  control  failure  modes. 

Sponsor:  Air  Foroe,RADC 

Contrect:  AF  30(602'' -2419 

Contre.ctor;  ARINC  Research  Corporation 

Status:  Coo^leted 

Report:  RADC  TDR-62-228 

Computer:  IBM-7090  Fortran  II 


VII  -  12 


SECnCN  VIII  >  FAILin^  MODE  AMD  ITFSCTS  ANALYSIS 


Title:  Mathematical Autcana ted  Reliability  and 
Safety  Evaluation  (MARSEP)  Program 


Abstract:  A  computerized  failure  mode  and  effects  analysis 
program. ^  The  program  accepts  as  input  (a)  the 
description  of  the  system  ccmposed  of  various 
electrically  or  mecfaarxically  connected  components, 
and  (b)  a  definition  of  system  success.  The 
computer  then  determines  V)hich  combinations  of 
component  events  are  required  for  system  operation 
or  system  failure  in  all  modes  of  operation. 

Methodology  based  on  work  done  for  Sandia  Corp. 

comment:  Thio  program  does  not  provide  a  means  for 

qmntitatively  predicting  Reliability  or  Safety, 

It  results  in  a  failure  mode  and  failure  effects 
analysis. 


Sponsor:  Mathematics,  Princeton,  New  Jersey  (In-House) 

Contract: 


Contractor: 


Statxis: 


liisolioited  presentation 
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Title:  Therml  Analyais 


$ 


Absti«et:  Progratte  are  available  which  can  solve  a  wide 
variety  of  theraal  problems.  Most  of  these 
programs  are  used  to  treat  a  unique  theraal 
analysis  problem.  The  transient  analysis  of 
beat  tranter  through  an  ablative  material  is 
an  eaa]q>le  of  one  of  ^isse  programs.  TWo 
theraal  prognuu,  written  by  Autonetics,  were 
used  in  support  of  the  MLnuteman  program.  Che 
simulates  the  thermodyoamic  behavior  of  multi¬ 
layer  boards  with  attached  integrated  circuits. 

The  other  studies  the  temperature  distribtuion 
within  an  Integrated  circuit  to  determine  average 
and  "Hot  Spot"  temperatures  for  reliability 
considerations . 

Sponsor: 

Contract:  Ccnqpany  and  Ccmtract  Funds 

Contractor:  North  American  Aviation  (Autonetics  and  other 
Divisions) 

Status:  Programs  currently  being  used 

Reports:  Autonetics  In-House  Thermal  Design  Analysis  Manual 

(Not  presently  available  for  distribution) 

Computer:  134-7094 
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Title;  Stud^jr  of  Failiire  Theory  (Metel  Film  Roaiators) 


Abstract:  Studly  of  the  principal  iDecbaniama  of  failure  in 
deposited  metal  film  resistors  (precipitaticm 
and  oxidation).  A  mathematical  model  of  re¬ 
sistor  behavior^  involving  at  this  time  oxidation 
and  precipitation,  has  been  investigated  and 
progranmed  for  ■Iffl4-7090  coo^uter. 

Results  to  date  show  poor  correlatlcm  with  test 
data;  this  is  attributed  to  effects  and  aschanisms 
not  /et  incorporated  in  the  model,  ard  data 
available  for  validation  studies  re^i^sent  mean 
value  data  for  hundreds  of  resistors*  The  study 
is  being  continued. 


Sponsor:  Air  Force,  RADC 

Contract:  AF  30(602) -3251 
Contractor:  IIT  Research  Institute 

Status:  Stud"  continuing  as  follow-on  to  Phase  I  studies 

Computer:  IBM-7090 
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